objective To identify sociodemographic, knowledge and attitudinal correlates to antibiotic sharing among a community-based sample of adults (age 18 and older) in a low-income setting of the Philippines and to explore community-level data on informal antibiotic distribution in roadside stands (i.e., sari-sari stands).
Introduction
Self-medication is a self-care practice defined as the use of medicinal products by an individual to treat self-diagnosed symptoms, or as the unsuitable administration of prescribed medicinal products, including the intermittent or prolonged use of antibiotics (antimicrobials used to treat bacterial infections [1] ) and sharing of medications [2] . Although antibiotic sharing is a self-medication practice [2] , most studies examining self-medication have not examined antibiotic sharing [3] . Self-medication with antibiotics is problematic, as it is a major contributor to antibiotic resistance [4] [5] [6] [7] [8] . Recent meta-analyses have estimated that 38% of the world's population engages in self-medication and sharing of antibiotics [8, 9] , but selfmedication varies globally, with the highest prevalence in Southeast Asia and the Western Pacific Region of WHO (58-64%) [9, 10] . Importantly, it is in these same regions that the prevalence of resistance to many common antibiotics is highest and on the rise [11] .
Of the 27 Member States comprising the Western Pacific Region, only one country, the Philippines, did not participate in a 2015 WHO 'country situation analysis' to assess member-specific practices and structures to combat antimicrobial resistance [10] . This lack of participation is especially concerning as the Philippines has a documented history of prevalent antibiotic misuse [12] , including one of the highest rates of antibiotic sharing [13] . Globally, the Philippines has also had one of the smallest percentages of prescriptions filled by doctors, with non-medical sources being the most common source of antibiotics [13] . The reported prevalence of antibiotic self-medication in the Philippines has ranged from 31% to 66% [14] [15] [16] [17] [18] , with one study [14] reporting a greater overall prevalence than for Southeast Asia (range: 38-58%) [8, 9] .
With the exception of two studies that described prophylactic use of antibiotics by Filipino commercial sex workers (CSWs) to prevent sexually transmitted infections (STIs) [16, 19] and four studies that described nonprescription access and use of antibiotics [14, 15, 17, 18] , research on antibiotic misuse in the Philippines is scarce. Evidence from the Southeast Asian region more broadly has suggested that self-medication may be associated with cultural misconceptions [3, 12, 18, 20, 21] , premature termination of antibiotic courses [13] , insufficient regulations and enforcement of pharmaceutical law [22] and antibiotic knowledge and/or attitudes [23] [24] [25] [26] .
Although studies have examined self-medication writ large in Southeast Asia and the Philippines, none seem to have investigated specific behaviours that comprise selfmedication, such as characteristics or correlates of antibiotic sharing -a common form of self-medication globally and in the Philippines [9, 13] . A review by Radyowijati et al. (2003) highlighted the deficit in antibiotic sharing research; it revealed that the majority of studies on self-medication with antibiotics have examined antibiotic prescribing, and the purchasing of antibiotics without a prescription rather than informal antibiotic dispensing within a community [3] . This study addresses this gap in knowledge and extends antibiotic self-medication literature by triangulating individual-and community-level data on informal antibiotic distribution outlets. This study identifies sociodemographic, knowledge, attitudinal and community-level factors associated with antibiotic sharing in a low-income setting of the Philippines, a country with one of the highest rates of antibiotic sharing in the world [13] .
Methods

Study design
From April to June 2015, 307 participants (age 18 or older) were recruited via convenience sampling in a low-income area of the Central Visayan region of the Philippines. Data were collected through an anonymous, self-administered, 46-item, cross-sectional survey (available upon request). A self-administered survey was selected for data collection as evidence suggests selfadministered surveys are less prone to social desirability bias as opposed to interviewer-administered surveys [27] [28] [29] [30] . Surveys and study information sheets were available in English and Cebuano; translations were assessed for accuracy through back translation. Of note, the term 'antibiotic' rather than 'antimicrobial' or 'antibacterial' was used in the survey because community members were more familiar with the term 'antibiotic' and because the surveys were developed based on a review of similar studies in Southeast Asia [23-26, 31, 32] , which used the term 'antibiotic' in their measures and manuscripts. In collaboration with a local non-governmental organization (NGO) and community leaders, staff chose eight publically-accessible and centrally-located locations (i.e., churches, schools and health centres) throughout five communities at which to host 'survey sessions', where individuals interested in participating could gather to learn more about the study and complete self-administered surveys. Each person who attended a session received a study information sheet and survey in the language of their choosing. Each session began with a local staff person reading the study information sheet aloud in Cebuano, after which each participant could begin his/ her survey or choose to leave the session without completing a survey. All participants who attended the sessions completed surveys. Of note, although surveys were administered in the context of group sessions, each person completed their own survey and instructions prohibited participants from speaking to one another. Eight sessions were held over 5 weeks on varying days and at varying times. Local NGO staff, community leaders and lay health workers announced the dates, times and locations of survey sessions. Session attendance ranged from 8 to 88 participants (median = 34).
Following survey completion, participants were offered a modest financial recompense of 100 pesos (~$2.13 USD) for time and travel. Incentives for research participants are commonplace and appropriate [33] [34] [35] and have been used previously in this study population [36] [37] [38] . The incentive amount used in this study was deemed non-coercive by an independent cultural advisor and the University's Institutional Review Board, which approved the study protocol. Documentation of consent (i.e., signatures) was not obtained to protect individual identities.
Survey instrument and data measures
Antibiotic sharing was assessed with the question: 'Have you ever shared antibiotics with any of the following (check all that apply): [children, spouses, elderly family members, other family members, friends, co-workers, neighbors, other] or "I have never shared any antibiotic"'. The 'other family members' category was included to capture information on family members aside from those who are children, spouses and elderly (e.g., uncles, aunts and cousins). To determine correlates of antibiotic sharing, a dichotomous variable was created indicating whether individuals had ever shared antibiotics with anyone. Specific data on the type of antibiotics shared were not collected.
Sociodemographic characteristics (Table 1 ) addressed by the survey included age, household size, sex and education (elementary, high school, college, vocational or graduate). Educational attainment was dichotomized into elementary education or less vs. more than an elementary education.
Questions regarding antibiotic knowledge included nine items (Table 2 ) related to proper use (n = 6), safety (n = 2) and bacterial resistance (n = 1) that were developed from previous self-medication studies [23] [24] [25] [26] . As in other studies [25, 26] , knowledge questions were true/false with an additional option of 'I don't know'. Knowledge was scored on a summative scale comparing correct answers to incorrect or 'I don't know' responses.
Participants' misconceptions about antibiotic use were measured by a set of 16 Likert-scale questions, as shown in Table 3 . Misconceptions were analysed using dichotomized Likert-scales comparing strongly agree and agree to strongly disagree and disagree.
Analysis
Of the 307 respondents, 278 were included for analysis. Participants who skipped at least one entire section of the survey (n = 10) and had missing data on sharing status (n = 19) were excluded. Demographic characteristics of those excluded from the analysis were not significantly different from those retained.
Firth logistic regression was used to assess the univariate and multivariable correlations. Firth logistic regression was used to account for quasi-complete separation of the data. Compared to standard logistic regression, Firth uses a modified score equation to reduce the small sample bias, which is related to a penalised log-likelihood function [39] . Analyses were completed in SAS 9.4 for Windows [40] .
Covariates in the final model included age, education, sex, household size, knowledge and six antibiotic perceptions/misconceptions related to access, safety and proper use. Age, education, sex, household size and knowledge were selected for the final model as studies have previously examined their association with self-medication [9, 25, [41] [42] [43] . Antibiotic misconceptions were also included in the Table 3 . The odds of sharing were estimated in comparison with those who disagreed with these statements.
final model, based on correlations between misconceptions and behaviours in the self-medication literature. A confounding analysis also informed the selection of covariates for the final model. Confounding was examined and deemed present when the estimated, crude association between key independent variables and sharing changed by greater than 15% in the presence vs. absence of hypothesised confounders. Education was identified as a confounder between the perception that it is difficult for a person to obtain an antibiotic with a prescription and antibiotic sharing; thus, education was required in the final model.
Multicollinearity of the final model was assessed using the COLLIN macro for SAS. Covariates did not exceed a conditional index of 20, indicating no multicollinearity [44] . Of note, 47 participants had missing data on one or more covariates in the final model and were therefore excluded from the multivariable logistic regression. Excluded participants were not significantly different from those who were included in terms of sharing or sociodemographic characteristics.
Characteristics of antibiotics in sari-sari stands
In addition to individual-level antibiotic data, information regarding informal antibiotic distribution channels was also collected. From April 7 to April 15, 2015, research staff canvassed two barangays (communities), visiting all of the communities' sari-sari stands (n = 106 total). Staff collected information by observing if stores were selling antibiotics, and if so, the medication name listed on the label and whether they were expired (yes/ no). Data were recorded in a geospatial data collection application, Fulcrum (version 2.6.0), installed on a smartphone [45] . Sari-saris are very small businesses, embedded within residential areas, and are most often run by and located within family homes. Sari-saris are viewed by customers as a source for a wide variety of household items in an exact and/or desired quantity [46] ; they are not legally authorised to sale antibiotics [47] .
Results
Respondent characteristics
A total of 278 surveys were used for analysis, with mean participant age of 32 years (range: 18-74). Demographic, knowledge and attitudinal characteristics are displayed in Table 1 . Over half (57%) of respondents were female, and 6% were transgender. Most had at least a high school education (69%). Many were unemployed (35%), with fisherman, housekeeper, and CSWs being the most common occupations (26%, 20% and 7%, respectively). Only 4% of respondents participated in a survey session located outside of their home community. The reported prevalence of lifetime antibiotic sharing was 78% (n = 218). Participants who reported sharing antibiotics most often shared them with family (37%) and children (33%), followed by neighbours (18%), elderly family (18%), spouse or sex partner (16%), friends (14%) and others (4%). Among those employed (65%), a small percentage indicated they shared antibiotics with co-workers (7%). Of note, percentages do not total to 100% because response options were not mutually exclusive.
Antibiotic knowledge
Antibiotic knowledge was moderate (Table 2) , with a median score of five (score range: 0-9). Respondents understood that antibiotics can be used to treat infections (88%), specifically those caused by bacteria (91%); however, most incorrectly believed that antibiotics can be used to treat a viral infection and/or common cold or cough (85% and 81%, respectively). Most knew that individuals might be allergic to some types of antibiotics (77%). However, 55% did not know that antibiotics could have side effects. A slight majority (57%) thought someone should begin to take antibiotics as soon as they experienced a fever, and most (70%) did not understand the potential of developing antibiotic resistance from improper antibiotic use. Nearly 40% of those who did not understand the potential of developing resistance marked 'I don't know' rather than a false response, possibly indicating unfamiliarity with antibiotic resistance.
Antibiotic access and common misconceptions
Four questions pertained to perceived accessibility of antibiotics (Table 3) . When asked about the difficulty for people in the community to get a prescription for antibiotics, 62% agreed that it was difficult to obtain a prescription. Most (65%) also indicated that it was still difficult to obtain an antibiotic even with a prescription. Over half disagreed (55%) that it was easy to access antibiotics without a prescription from a healthcare worker. However, when asked whether people in their communities used antibiotics without instructions from a healthcare worker, 57% agreed. Most participants stated it was not safe to take antibiotics without instructions from a healthcare worker or pharmacist and most worried about side effects when using antibiotics (62% and 65%, respectively).
Misconceptions of proper antibiotic use were common (Table 3) . When asked whether it was good to save antibiotics for a future illness, 52% thought this behaviour acceptable. A majority (62%) agreed that when sick, it was better to take a small dose of antibiotics than to take none at all. Nearly half (45%) agreed that it was acceptable to stop taking antibiotics when they felt better even if there were still antibiotics left to take. Among other misconceptions, two-thirds (66%) believed that skin injuries could be cured by putting crushed antibiotics into the wound. A majority (82%) expected to receive antibiotics from a healthcare worker when sick with a cold. Lastly, a sizeable proportion (42%) agreed that regular administration of antibiotics could prevent HIV. Table 4 contains data collected through staff visits to local sari-sari stands. Among the 106 roadside stands visited, 64 (60%) sold antibiotics. A total of 95 packages of antibiotics were found in these stands, comprising nine unique antibiotic varieties. Of the 95 antibiotics, 56 (59%) lacked an expiration date, mainly because pills had been removed from blister packs and were individually wrapped in plastic. Among those with an expiration date, 10% were expired.
Antibiotic characteristics in roadside stands
Correlates to antibiotic sharing Table 1 presents results from univariate logistic regression models, and shows the estimated, unadjusted associations between covariates and reported antibiotic sharing. For each unit increase in knowledge score, the odds of antibiotic sharing decreased 20% (CI: 0.7, 1.0). The misconception that it is safe to take antibiotics without
instructions from a healthcare worker was associated with a 2.4 increase in the odds of sharing (CI: 1.2, 4.5).
The misconception that it is acceptable to save antibiotics for later use was associated with a 2.6 times increase in the odds of sharing (CI: 1.4, 4.7). Participants who perceived it is safe to prematurely terminate a course of antibiotics had 3.3 times higher odds of reporting sharing (CI: 1.7, 6.4). Lastly, the misconception that it is better to take a small dose of antibiotics when sick compared to no dose, was associated with a 2.4-fold increase in the odds of sharing (CI: 1.4, 4.4). Table 5 presents results from the multiple logistic regression model (N = 231). When holding all covariates constant, agreement that it is safe to stop the course of antibiotics was associated with odds of reporting sharing 2.8 (CI: 1.3, 5.8) times higher than those disagreeing. Fear of antibiotic side effects was associated with an estimated odds of sharing 2.1 times higher than those not worrying about side effects when taking antibiotics (CI: 1.1, 4.4).
Discussion
This study examined correlates of antibiotic sharing in the Philippines and the availability of antibiotics in sari-sari stands. Most respondents (78%) indicated they had shared antibiotics in their lifetime, and data from the sari-sari stands revealed that antibiotics were readily available without prescription. The misconception that it is safe to prematurely discontinue an antibiotic course, and fear of antibiotic side effects was associated with increased odds of antibiotic sharing.
Our findings demonstrate that misconceptions were more strongly associated with antibiotic sharing than sociodemographic characteristics, which have commonly been cited as correlates to antibiotic self-medication and the sharing of other prescription drugs. A recent, global meta-analysis found a number of sociodemographic factors associated with antibiotic self-medication, including: low level of education, female sex, age and middle income [9] . Among non-antibiotic prescription drug sharing studies, having a prescription [41] , lacking medical insurance [41] , age [41, 42] and female sex [43] have been found to be associated with prescription drug sharing.
Although our study differs from others in terms of the association between self-medication and sociodemographic characteristics, findings related to the association of antibiotic misconceptions and sharing are consistent with the antibiotic self-medication literature [9, 12, 13, 16, 47, 48, 49] . Fear of antibiotic side effects and the premature termination of antibiotic courses were significantly associated with antibiotic sharing. Although the twofold increase in the odds of sharing among those worrying about side effects is somewhat counterintuitive, it is plausible that individuals who are fearful of antibiotics may refrain from taking the antibiotics, and share them with friends or family at a later time. These possibilities are largely speculative; however, the connection between antibiotic leftovers and sharing has been suggested by others. In a global survey of antibiotic use, Kardas et al. (2007) reported that antibiotic leftovers were present in about half of all sample populations that had recently used antibiotics [13] . Among those having antibiotic leftovers, 77% were saving them for later use, 5% reported sharing them with someone else and 18% threw them away. Kardas et al. identified two major predictors of saving and sharing antibiotics, including: pack-based dispensing systems and patients' misconceptions. Integrating Kardas' findings with this study, these data suggest that interventions aimed at decreasing antibiotic sharing should consider identifying and addressing communityspecific misconceptions around completing antibiotic courses and the stockpiling of extra antibiotics. Antibiotic self-medication literature has established that antibiotics are commonly available from non-medical sources in low-income countries, including countries in Southeast Asia, but very few studies have examined the availability of antibiotics in roadside stands [3, 9] . Our descriptive, observational data regarding antibiotic characteristics and availability in sari-sari stands provide insight into the epidemiology of antibiotic misuse. For example, beta-lactam antibiotics (i.e., amoxicillin, cephalexin.) were the most common types of antibiotics found for purchase in surveyed sari-sari stands. Given the high prevalence of reported antibiotic self-medication and sharing present in the Philippines (58% [14] and 78%, respectively), antibiotic availability in sari-sari stands may be associated with the extensive development of beta-lactam resistant Neisseria gonorrhoeae and Escherichia coli in the Philippines (84% and 92% resistance, respectively) [11] . Although speculative, data from this study showed that many sari-sari stands in the community stocked a number of expired, and potentially expired antibiotics, that were available without a prescription. Thus, if the conditions of antibiotics in these sari-sari stands are representative of that in the broader community, there exists many risk factors for the development of antibiotic resistance.
This study has some limitations. The use of a convenience sample and self-report data, including a lifetime recall period for antibiotic sharing, could have led to sampling and information biases, respectively. Constraints in time, funding and staff precluded ability to travel house-to-house to administer surveys to a larger sample size; instead, research staff held a series of local survey sessions. Previous research in this setting has demonstrated that survey sessions can be used to efficiently recruit a community-based convenience sample [36] [37] [38] , but generalizability to individuals who are unable or unwilling to leave their homes may be limited. Limitations surrounding data collected from local sarisari stands should also be acknowledged; due to the observational nature of data collection, data could not be gathered from shop owners about antibiotic sales or sources. Finally, sample size limited statistical power to detect small to moderate effect sizes, increasing the probability of a Type II error; associations that neared but did not reach the threshold for statistical significance (P < 0.05) should be interpreted as null with caution.
Despite these limitations, this study allows for an assessment of sociodemographic, knowledge and attitudinal correlates related to antibiotic sharing, and focuses on the informal distribution of antibiotics within community outlets rather than the purchasing of antibiotics without a prescription in pharmaceutical stores. Similar studies should be used in the Philippines to understand risk factors for antibiotic self-medication and sharing. Our findings suggest that antibiotic misconceptions among individuals are equally or more important to antibiotic sharing than sociodemographic or knowledge factors. Data from sari-sari stands indicate that antibiotics diverted throughout this community may present significant health concerns, as the antibiotics were often expired and available without a prescription. In order to better understand antibiotic sharing in similar populations, future studies may benefit from using geospatial techniques to gauge individual access to pharmacies vs. roadside stands selling antibiotics. Future research should also collect more detailed information about the types of antibiotics shared and quantities stockpiled in individuals' homes. Although more research is needed to understand the individual and community-level factors involved with antibiotic sharing, it is clear that efforts to curb the epidemic of antibiotic resistance must include an understanding of location-specific antibiotic misconceptions and individual access to legitimate pharmaceutical outlets.
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